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INTRODUCTION

     The Northern Gila County Water Plan Alliance (NGCWPA) was formed to address
the increasing need for a firm water supply for the northern Gila County area.  Over the
past two and one half years many meetings of participants have taken place to discuss
and pursue possible answers.

     Currently, federal, state and local participants are funding a project by the United
States Geological Survey (USGS) to study the surface and subsurface geology in the
northern Gila County area.  In order to supplement this project, an exploratory borehole
was drilled in the Strawberry area to gather information and gain further insight into the
deep subsurface geology of the area.

    This report describes the drilling of the exploratory borehole, NGCWPA-1 (ADWR
well registration number 55-581081), in the vicinity of Strawberry, Arizona during the
period May 18 to June 2, 2000.  The report provides descriptions of geologic samples and
interpretations of hydrogeologic data derived from the geophysical logging of the
borehole.  Recommendations for future monitoring of the borehole are also provided.
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WELL SITE LOCATION

     The well site is located one-quarter mile south of Fossil Creek Road and 500 feet
north of Strawberry Creek on a Gila County easement about 100 feet east of Juniper and
Oak Roads (Figure 1).  The Global Positioning System (GPS) coordinates of the well are:
Latitude 34°  24’ 15.1”, Longitude 111° 31’ 11.6”, or UTM coordinates (NAD27 Zone12
Northing 452,214 Easting 3,806,900).  The GPS coordinates were obtained using a hand-
held unit with an estimated potential horizontal error of 18 feet (the GPS coordinates
were obtained the day after the selective availability of the Precise Positioning Service
had been lifted).  The cadastral location of the well is (A-12-08) 29aaa.

     The GPS determined land surface elevation of the well site is 5,805 feet (above mean
sea level).  The land surface elevation of the well site was also estimated to be about
5,750 feet from the USGS 7.5 minute topographic map of the Strawberry Quadrangle.
For interpretation purposes the land surface elevation of the well site was estimated to be
5,780 feet.

Figure 1  Topographic Map of the Strawberry area
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 WELL DRILLING AND COMPLETION OPERATIONS

    The NGCWPA-1 exploratory borehole was drilled by the Stewart Brothers Drilling
Company (Milan, New Mexico). Project supervision and oversight were provided by the
NGCWPA.  United States Bureau of Reclamation (USBR) personnel served as site
geologists during the drilling operations. Technical advice concerning drilling operations
and geophysical logging were provided by personnel from the ADWR.

     The drilling equipment (Figures 2-4) included: a Failing CF2500 Holemaster
(conventional mud/air rotary drilling rig); 6.25 inch tricone roller rockbits; 280 feet of
4.75 inch by 20 foot drill collars; 3.5 inch by 20 foot drill rods; Gardner Denver 5x10
mud pumps; mix pump (for foam); Sullair 900xh 900cfm  compressor; a Grimmer
Schmidt compressor booster; a mix tank; two 8 by 12 foot mud pits; and two 3,200 gallon
water trucks.

     Drilling operations began on the Strawberry exploration well on May 18, 2000.  The
well was drilled using conventional mud rotary techniques from the land surface to a
depth of 1,461 feet below land surface (BLS).  The drilling fluid was a mixture of water
and bentonite.  Samples were collected from the flow line using a hand strainer (Figure
5).  The drilling mud weight ranged from 8.4 to 8.7 pounds per gallon.  The mud funnel
viscosity ranged from 35 to 46 seconds.

     During drilling operations several zones were encountered where all the drilling fluid
drained from the borehole.  These “lost circulation” zones corresponded to probable large
fractures or cavities.  Initially, lost circulation materials were added to the drilling mud to
control fluid loss at depths of 415 to 417 feet (BLS) and 645 to 650 feet (BLS).
Eventually, it was determined that the fluid loss could not be controlled with standard lost
circulation materials, and cement was subsequently pumped into the borehole and
allowed to harden for several hours when lost circulation zones were encountered.
Cement was tremmied through the drill pipe at depths of 575 to 650 feet (BLS), 645 to
650 feet (BLS), 982 to 983 feet (BLS), 973 to 998 (BLS) and 987 to 1,004 feet (BLS).

     Due to fluid loss problems caused by numerous cavities and fractures, no drilling fluid
or samples were circulated to the land surface below a depth of 970 feet.  Although no
drilling fluid or samples were returned to the surface, drilling operations using mud
continued to a depth of 1,461 feet.  Drilling operations were suspended at a depth of
1,461 feet because of the large fluid loss, and because the local water supplier declined to
sell any additional water to the drilling contractor.  The fluid loss encountered during the
last several hours of drilling was estimated to be about 90,000 gallons.

     Drilling was initially suspended on May 25, 2000.  Geophysical well logging
operations were conducted on May 26, 2000 (Figures 6 and 7).  The geophysical well
logging operations were conducted by Southwest Geophysical using logging equipment
and personnel dispatched from Chandler, Arizona and Farmington, New Mexico.  The
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logging services that were run included: 16-inch and 64-inch normal and spontaneous
potential (E-log), induction electric, compensated density, neutron, natural gamma ray
and caliper.  Blockage or bridging of the borehole prevented advancing the neutron and
induction logging tools below a depth of 900 feet, therefore these logs were only run
above that depth.  Geophysical well logging operations were witnessed by USBR and
ADWR personnel.

     After the completion of geophysical logging operations on May 26, 2000 it was
decided that further drilling would be attempted using conventional air rotary techniques.
The conversion from mud rotary to air rotary was accomplished on May 30, 2000, and air
drilling began on May 31, 2000.  Drilling activities were terminated due to difficulty in
drilling and budgetary considerations on June 1, 2000 at a total depth of 1,872 feet.  No
samples were returned to the surface during air rotary drilling.

     A second set of geophysical well logs were run on the deepened borehole. The
geophysical well logging operations were conducted by Southwest Geophysical using
logging equipment and personnel dispatched from Chandler, Arizona and Farmington,
New Mexico.  The logging services that were run included: 16-inch and 64-inch normal
and spontaneous potential (E-log), temperature, compensated density, neutron, natural
gamma ray and caliper. Blockage or bridging of the borehole prevented advancing any of
the logging tools below a depth of 1,773 feet, therefore these logs were only run above
that depth. Geophysical well logging operations were witnessed by USBR and ADWR
personnel.

     Once the final logging was completed 4-inch steel casing was set as deep in the well
as borehole conditions allowed.  Based on difficulties experienced during drilling, and
further difficulties encountered during the preparation of the borehole for running casing
it seemed unlikely that the casing could be set to the original total hole depth.  As
anticipated, borehole bridging and/or sluffing prevented the casing from being advanced
below a depth of 1,420 feet (a depth about 40 feet below the static water level in the
borehole).  The bottom of the 4-inch casing was left open, and the bottom 150 feet (from
1,420 to 1,270 feet) of casing was slotted.   A cement basket was set between the outside
of the casing and the borehole wall at a depth of 210 to 212 feet to prevent downward
seepage from a shallow ground water zone that was encountered at a depth of about 170
feet.  The design of the completed borehole is shown in Figure 8.

     On June 16, 2000 personnel from the ADWR tapped the well cap to create a water
level sounding port and installed a threaded steel plug.  The depth to water that was
measured on June 16, 2000 was 1,377 feet.
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Figure 2   Stewart Brothers Drilling Rig

Figure 3   Mud Pit
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Figure 4  Drilling Mud and Lost Circulation Materials

Figure 5  Samples of drill cuttings
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Figure 6   Geophysical logging truck

Figure 7   Logging engineer prepares logging tool
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Figure 8  Well design diagram
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HYDROGEOLOGIC SETTING OF THE WELL SITE

     The Strawberry exploratory borehole is located near the base of the Mogollon Rim,
and about three miles southeast of Fossil Springs (Figure 1).  The Mogollon Rim, which
is the eroded south-southwestern edge of the Colorado Plateau, forms an escarpment that
is locally more than 1,000 feet high.  Layers of sedimentary rock of Paleozoic age are
exposed on the face of the escarpment.

     The Paleozoic rocks that may occur at depth, but are not exposed at the land surface in
the Fossil Creek-Strawberry area include the Cambrian Tapeats Sandstone, and the
Devonian Martin Limestone.  Although the Tapeats Sandstone is not exposed in the
Strawberry area the Tapeats does outcrop north of Payson at the Highway 87 bridge
crossing of the East Verde River.  At that location the Tapeats Sandstone is a medium to
coarse-grained, moderately cemented, reddish-beige colored sandstone that overlies the
Precambrian Payson Granite.  In general, the Tapeats Sandstone forms a thin layer which
overlies Precambrian basement rocks. The thickness of Cambrian rocks in the northern
Gila County area has been mapped by Pierce (1976) to be less than 100 feet.

     The Devonian Martin Limestone overlies the Tapeats Sandstone in much of the
Payson-Pine-Strawberry area.  Although the Martin Formation does not outcrop in the
Fossil Creek-Strawberry area it has generally been described in other locations as a dark-
colored, dolomitic limestone with disseminated argillaceous and arenaceous material
(Kreiger, 1965).  The dark color, thinly and evenly bedded character, and steplike slopes
to which the formation weathers serve to distinguish it from the overlying Redwall
Limestone (Krieger, 1965).  The thickness of Devonian rocks in the northern Gila County
area has been mapped by Pierce (1976) to range from about 200 to 400 feet.

    The Paleozoic sedimentary rocks that are exposed in the Fossil Creek-Strawberry area
include rocks that range from Mississippian to Permian age (Figure 9).  The
Mississippian Redwall Limestone, the oldest exposed sedimentary rocks in the area, is
exposed at Fossil Springs in the bottom of the Fossil Creek Canyon. Although the
thickness of the Redwall Limestone varies, the exposed thickness at an outcrop on the
west side of Fossil Creek is 106 feet (McKee, and Gutshick, 1969).  At Fossil Springs,
several major springs discharge about 30,000 acre-feet of groundwater per year from
fractures, cavities and/or other solution features from outcrops located near the contact
between the Redwall Limestone and the overlying Naco Formation (Figures 10-11)
(USGS, 1998).

     The Pennsylvanian Naco Formation overlies the Redwall Limestone in the Fossil
Creek-Strawberry area.  The Naco Formation consists of interbedded grayish limestone
and limey claystone.  The Naco Formation displays many secondary solution and karstic
features typical of carbonate rocks.  In the Fossil Creek-Strawberry area the Naco
Formation is unsaturated.  The total thickness of the Naco Formation on the east side of
Fossil Creek is about 400 feet (Figure 12).
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Figure 9  Geologic Map of Strawberry - Fossil Springs area

Figure 10  A major spring at Fossil Springs
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Figure 11  Water seeping from a limestone outcrop at Fossil Springs

Figure 12  View to the East toward Strawberry from Fossil Springs

              The Naco Formation forms the cliff above Fossil Creek in the foreground.
              The Lower and Upper Supai Formations are exposed in the background,
              overlying the Naco.  Coconino Sandstone caps the highest cliffs on the horizon.
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     The Pennsylvanian-Permian Supai Formation overlies the Naco Formation in the
Fossil Creek-Strawberry area (Figure 12).  In the Fossil Springs-Strawberry area the
Supai Formation has been divided into upper and lower members.  The Supai Formation
consists of mainly red beds, sandstone, siltstone, mudstone with some interbedded
limestone.  In the Fossil Creek-Strawberry area the Supai Formation may contain water-
bearing strata at depths of a few hundred to several hundred feet below land surface.  It is
believed that these water-bearing strata mainly receive recharge from local surface water
drainages.  The total thickness of the lower member of the Supai Formation is about
1,000 to 1,100 feet on the east side of Fossil Creek (Figure 12).   The lower member of
the Supai Formation, which is comprised of mainly red sandstone, siltstone and mudstone
is exposed in Strawberry Creek, located just to the south of the Strawberry well site.

     The youngest Paleozoic formation that is exposed in the Fossil Creek-Strawberry area
is the Permian Coconino Sandstone.  The Coconino Sandstone overlies the Supai
Formation and is exposed as the upper cliff forming unit that caps the Mogollon Rim
north of Strawberry.  In that area the Coconino Sandstone is a light yellowish-brown to
white colored, fine-grained, poorly to moderately cemented sandstone.  In many parts of
the Colorado Plateau region the Coconino Sandstone comprises the major regional
aquifer.  However, in the Strawberry area the Coconino Sandstone appears to lie well
above the major regional aquifer system.
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ANALYSIS OF DRILL CUTTINGS

     Drill samples were collected from the drill fluid return flow line at 10-foot intervals
from the land surface to a depth of 970 feet.  The drilling contractor bagged the samples,
and Bureau of Reclamation geologists provided a preliminary log of the samples that is
included as Appendix I of this report.  A more detailed analysis of the drill cuttings was
later conducted by ADWR personnel (Appendix II).  No drilling fluid or samples were
recovered below a depth of 970 feet due to lost circulation conditions.

     The analysis of the drilling samples indicated that the upper 970 feet of the well
penetrated sedimentary rocks that were, in general, typical of the lower member of the
Supai Formation.  The types of materials that were described in the drill cuttings
included: reddish-brown sandstone, siltstone, mudstone, and clay with minor amounts
gray limestone.



Final Report 8/09/2000

17

ANALYSIS OF GEOPHYSICAL LOGS

     As mentioned previously, geophysical well logs were run on two separate occasions
during the drilling of the exploratory borehole.   The logs that were run included: 16-inch
and 64-inch normal and spontaneous potential (E-log), induction electric, compensated
density, neutron, natural gamma ray, temperature, and caliper.  The suite of correlated
geophysical logs is shown in Figure 13.  Copies of the individual logs are included in
Appendix III.

     Analysis of the well logs has revealed 5 major lithologic zones that may be reasonably
correlated to recognized regional geologic formations or units.  For the most part the
lithologic zones have been identified by their distinctive electrical resistivity, bulk
density, neutron porosity, natural gamma radiation, and caliper log responses (see Figure
13 and Appendix III).  The five major zones and their characteristic log responses are
listed in Table 1.  Correlations to recognized geologic units are included in Table 1 and
and graphically depicted in a hydrogeologic cross-section constructed from Fossil Creek
to the Strawberry well site (Figure 14).
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Table 1

Major Lithologic Zones Identified and Typical Geophysical Well Log
Responses for the Strawberry Exploratory Borehole (NGCWPA-1)

Depth Zone
(Feet BLS)

Gamma
Ray

 API Units

Resistivity
Ω•m

Bulk
Density
(g/cc)

Neutron
API Units

Caliper
(Inches)

***

Probable
Geological Formation or

Unit
0 – 400 80  -120 20 - 35 1.80 – 2.10 3000 - 3200 ≈7.00 Unsaturated lower

member of the
 Supai Formation
(Red Bed Unit)

400 – 1040 80 - 120 25 – 60
*(400 – 904)

2.20 – 2.35 2400 - 3200 ≈7.00
Few

washouts

Unsaturated lower
member of the

 Supai Formation
1040 – 1295 80 - 160 NA NU 2000 - 3400 ≈6.25 - >12

Ragged
borehole
highly

washed out

Unsaturated
Naco Formation

1295 – 1380 15 - 35 NA 2.20 –2.35 3000-4000 ≈6.25
Few

washouts

Unsaturated Redwall
Limestone

1380 – 1395 15 200 – 3600 2.45 1600 ≈6.25 Water level transition
zone falls within

Redwall Limestone**
1395 –1670 15 – 60 500 - 1000 2.40 –2.60 800-1200 ≈6.25

Few
washouts

Saturated
Redwall Limestone/
Martin Formation ?

1670 – 1773 15 – 35 200 - 400 2.30 – 2.45 400 - 800 ≈6.25-11.0
Moderate
number of
washouts

Saturated Martin
Formation?/ Tapeats

Sandstone?
Note:  Some logging responses are greatly effected by borehole conditions, such as fluid level and borehole
diameter.  Therefore, differences in logging responses may not be indicative of actual lithologic
differences.

 *      =  Actual logged interval for any particular log, if different from depth zone
**    =  Water level in borehole and aquifer falls within this interval.  Some logging responses are
             transitional due to the effects of the logging tool emerging from fluid
***  =  Average borehole diameter. Bit size = 6.25 inches.
NA  =  Logging data not available
NU  =  Logging data not useful to interpretation due to highly irregular borehole conditions
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Figure 13   Correlated Geophysical Logs
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Figure 14
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Summary

     An exploratory borehole has been drilled in the Strawberry area to a total depth of
1,872 feet below land surface.  Although the total depth of the hole was 1,872 feet,  “lost”
circulation problems combined with unstable borehole conditions did not allow the
collection of drilling samples from depths below 970 feet, and limited the depth of
geophysical logs to 1,773 feet.

     The major geologic units penetrated by the borehole include the lower member of the
Supai Formation, the Naco Formation, the Redwall Limestone, and possibly the Martin
Formation and/or the Tapeats Sandstone.  A shallow groundwater zone that produced a
small, unquantified amount of water into the borehole was encountered in the lower
member of the Supai Formation at a depth of about 170 feet.   The water level of the
regional aquifer system was encountered in the Redwall Limestone at a depth of about
1,380 feet (about 4,400 feet in elevation above mean sea level).  Based on interpretation
of the geophysical logs it does not appear that basement rock (such as, granite or
quartzite) was penetrated by the borehole.

     Due to well bridging and/or borehole sluffing it was only possible to run casing down
to a depth of 1,420 feet. A cement basket was set between the outside of the casing and
the borehole wall at a depth of 210 to 212 feet to prevent downward seepage from a
shallow ground water zone that was encountered at a depth of about 170 feet. The basket
was filled with cement pumped through a tremmie line.
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Recommendations

     The following recommendations are being made to provide further information from
the Strawberry exploratory borehole, and any other future drilling projects .

1) Obtain the surveyed elevation of the well site.

2)  Obtain a water sample from the well to establish base line water quality information.
Note!  The drilling fluid that was used may still effect water quality, therefore bailing or
purging of the well is advised before sampling.

3) Run a video log of the well to determine borehole conditions at the bottom
of the well.  This information would be valuable if any future attempt is made
to cleanout or clear the uncased portion of the borehole.

4) Based on the results of video logging, consider drilling out the bottom uncased
portion of the borehole, and run a smaller diameter casing through the 4-inch casing.
Note!  It is likely that no more than a 2-inch steel or PVC casing could be run through the
4-inch casing to the bottom of the hole.

5) If Recommendation 4 is accomplished run a pump test on the well. However, it is
important to realize that due to the small casing diameter and large pumping lift it is
questionable whether a small submersible pump, such as the Redi-flo2, could sufficiently
stress the aquifer to provide representative test results.

If Recommendation 4 is not accomplished, evaluate the possibility of conducting some
type of pump test on the well.  It is also important to realize that a test on the well in its
current state would provide results that would be highly effected by partial penetration,
and therefore should be considered only as a last alternative to no testing at all.

6) Continue to monitor water levels and water quality in the borehole on a periodic basis
(water levels semi-annually, water quality annually).

7) Potential future exploratory well drilling projects should be planned and coordinated to
support the data collection efforts of the USGS  Fossil Creek – East Verde River – Tonto
Creek study.

8) Alternative drilling methods for any future exploratory boreholes should be carefully
chosen to minimize the lost circulation problems encountered during the drilling of the
Strawberry borehole.
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Appendix I

USBR Geologist’s Notes and Well Log of Strawberry Borehole
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APPENDIX II

ADWR Sample Log of Strawberry Borehole
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	INTRODUCTION
	WELL SITE LOCATION
	The well site is located one-quarter mile south of Fossil Creek Road and 500 feet north of Strawberry Creek on a Gila County easement about 100 feet east of Juniper and Oak Roads (Figure 1).  The Global Positioning System (GPS) coordinates of the well ar
	The GPS determined land surface elevation of the well site is 5,805 feet (above mean sea level).  The land surface elevation of the well site was also estimated to be about 5,750 feet from the USGS 7.5 minute topographic map of the Strawberry Quadrangle.
	
	
	Figure 1  Topographic Map of the Strawberry area



	WELL DRILLING AND COMPLETION OPERATIONS
	The NGCWPA-1 exploratory borehole was drilled by the Stewart Brothers Drilling Company (Milan, New Mexico). Project supervision and oversight were provided by the NGCWPA.  United States Bureau of Reclamation (USBR) personnel served as site geologists dur
	The drilling equipment (Figures 2-4) included: a Failing CF2500 Holemaster (conventional mud/air rotary drilling rig); 6.25 inch tricone roller rockbits; 280 feet of 4.75 inch by 20 foot drill collars; 3.5 inch by 20 foot drill rods; Gardner Denver 5x10
	Figure 8  Well design diagram


	HYDROGEOLOGIC SETTING OF THE WELL SITE
	The Lower and Upper Supai Formations are exposed in the background,
	overlying the Naco.  Coconino Sandstone caps the highest cliffs on the horizon.
	
	Drill samples were collected from the drill fluid return flow line at 10-foot intervals from the land surface to a depth of 970 feet.  The drilling contractor bagged the samples, and Bureau of Reclamation geologists provided a preliminary log of the samp
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	APPENDIX II


	ADWR Sample Log of Strawberry Borehole

